This study describes the application of an empirical method to estimate the energy consumption in laboratory of the primary grinding of nickel ore with a specific mineralogical texture. This method developed by Donda was previously used in iron ore from the Iron Quadrangle (Minas Gerais, Brasil) with the same purpose. Through the grinding test, performed under standard conditions and based on the degree of liberation and percentage retained on 0.074 mm, it is possible to obtain the energy consumption for grinding. The results mean a validation of the method with a good approximation between industrial and laboratory values. In practice the energy consumption is 26.6 kWh/t and through Donda's method, when using the liberation degree as a parameter, the energy found was 26.8 kWh/t.
Introduction
In mineral processing plants, the comminution process is carried out in order to reduce particle size and "unlock" the mineral species from the gangue, enabling enrichment of the mineral content to the desired level in subsequent concentration processes (WILLS, 2006) .
Over the years, various comminution theories were created and were only concerned with the evaluation of the relationship between applied energy and particle reduction. Despite all advances obtained in the knowledge of grinding, there is a gap about estimating the specific energy consumption. The laboratorial energy measurements require complicated assembly and specialized labor for the realization of tests. On other hand, studies in industrial plants require a large amount of material, take a long time and have high costs. Donda (2003) developed a method to estimate grinding energy consumption for ball mills using the iron ore concentrate from the Iron Ore Quadrangle (Minas Gerais, Brazil). Its applicability has been established for many years for the re-grinding stage at Samarco Mineração S/A showing a good approximation between industrial and laboratorial
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Mineração energy values with a range between 0.9 and 1.1 times the value of the s pecific industrial energy consumption.
This method is an adaptation of the methodology proposed by Bogren and Wakeman, at the current Midland Research Center and consists of grindings using different times with standardized conditions for ball and ore charge, mill speed and solid percentage, calculating the absorbed power per tonne of grinding media through the Rowland equation for a small mill (diameter until 0.76m). The use of this method means a simplification of the laboratory procedures as being the differentiating factor, since the tests can be performed in mills built with minimum care and are not requiring sophisticated equipment to measure the energy in the laboratory (Von Krüger, 2004) Studies about the nickel ore showed that the liberation of nickel occurs in the size of fines (0.074 mm) and requires high power consumption in the primary grinding. Then, considering the importance of controlling this parameter, this study's main goal was to verify the applicability of the Donda's method for fine nickel ore.
Materials and methods

Results
The experiments were done in the Laboratory of Mineral Processing at the University of Ouro Preto using a sample of nickel ore from the mine of Fortaleza de Minas belonging to Votorantim Metals Nickel S/A. The initial lot of material was homogenized and quartered. The grinding tests were performed in a ball mill utilizing four different times (20, 40, 60 and 80 minutes) with standard conditions as shown in Table 1 . For each test, the particle size analyses of the feed and products were determined by wet screening using Tyler sieves. Chemistry analysis was performed with samples of the ground products using optical microscopy Table 1 Pre-established conditions for the tests (Donda, 2003) .
Using the Rowland equation (Eq.1), the power was obtained by multiplying the (kWb) value by the ball load weight. The specific energy was (Eq. 1)
Mineralogical analyses
The Table 2 Mineralogical analysis
According to the photomicrographs obtained by optical microscopy with transmitted light, it was possible to determine that pentlandite is normally associated with pyrrohotite as revealed in Figure 1 , which presented a flame of pentlandite (PDT) in pyrrhotite (PYR). The Figure 3 shows a pyrrhotite (PYR) particle with pentlandite (PDT) flames and a pentlandite (PDT) particle with pyrrhotite (PYR) edges. After 60 minutes of grinding, it was possible to notice the presence of a particle liberated from pentlandite (PDT) and pyrrhotite (PYR) particle associated with pentlandite (PDT) as revealed in Figure 4 . For the product of grinding performed during 80 minutes, note the free particle composed of pentlandite (PDT) in Figure 5 . Figure 6 shows the graph obtained from the particle size distribution of the feed and product for the grinding tests. The results of P80, calculated as a function of the test time at 20, 40, 60 and 80 minutes were 0.210 mm; 0.140 mm; 0.125 mm and 0.096 mm.
Figure 5 Particle size distribution
Liberation degree
Calculation of the liberation was made by Gaudin, obtaining a particle size equal to 0.125 mm, assuming there is a variation of up to 3%. Therefore, the sequence of grinding time established for performing the assay was validated, since the interval of the P80 obtained contains the reference of the industrial practice.
The degree of liberation for each milling test was analyzed and results were 83.0%, 87.6%, 90.3% and 92.8% for 20, 40, 60 and 80 minute milling, respectively. Figure 6 shows the graph relating to the retained percentage on 0.074 mm, the liberation degree and the energy consumption.
According with the specification of Votorantim the primary milling should have 30% retained on 0.074mm for a flotation of 93%. From the graph analysis, the energy required for grinding, based on the particle size distribution, for 30% retained on 0.074 mm was 21 kWh/t. The same verification in accordance with the liberation degree curve, showed an energy consumption of 26.8 kWh/t for 93%.
The measurements made by both parameters were very close, but for industrial practices, the highest value should be adopted as the determining parameter, in this case the liberation degree.
Figure 6
Relation between the energetic requirement and the % retained on 0,074 mm.
Conclusions
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The results showed that the method used to estimate the specific energy consumption in industrial ball mills developed by Donda is applicable for the primary grinding stage of nickel ore with the typol-ogy mentioned.
Industrial practice registers the necessity of a 93.0% degree of liberation to suit the subsequent flotation process. For this demand, in practice 26.6 kW/t has been consumed. When using Donda's method and adopting the liberation degree as a parameter, the energy required was 26,8 kW/t, similar to the value obtained in practice.
